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1 )
MICROWAVE RADIATION MONITOR

'BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to instruments for microwave
power momtormg and more particularly, to a portable
~unit responsive to the power density of a microwave

field.

The expandlng use of high frequency, or microwave
equipment, has brought with it a realization that im-
Proper or excess exposure to mlcrowaves, may be inju-
rious. Recognition of this fact has given rise to Govern-
ment regulations and equipment must be carefully de-
signed to avoid potentially harmful leakage.

Since such electromagnetic radiation is invisible and
the human body does not phys:cally “sense” the pres-
- ence of microwave impingement, it is necessary to use
electronic instruments for purposes of detection and

measurement. There is a w1den1ng need for reliable and
economical monitoring instruments that can be prop-

erly used, even by inexperienced operators.

2. Description of the Prior Art |

Measuring instruments for microwave power have
emerged from earlier devices placed within wave
guides, to sophisticated units and components which
measure power density when worn or held within the
general area of a suspected source of radiation. The
inventor’s U.S. Pat. No. 3,641,439, which issued Feb. 8,
1972, discloses a pioneer probe for sensitively detecting
microwave radiation with a minimum of field perturba-
tion. More economical units have also been developed,
with the sacrifice of sensitivity and linearity of measure-
ment. U.S. Pat. No. 4,032,910, for example, discloses a
unit utilizing a diode detector and an alarm Operatlve
when the energy of an incident microwave field is
above a predetermined level. To date, neither the latter
unit, nor others, furnish the necessary reliability or sen-
sitivity for compliance with Governmental regulations
and recognized health safety standards.

SUMMARY OF THE INVENTION

The present invention is embodied in an inexpensive
portable unit which can be easﬂy positioned in proxim-
ity to suspected sources of microwave radiation leakage
such as microwave ovens, heaters, dryers, medical
equipment, and the like. |

An object of the invention is to provide a low cost,
reliable, portable microwave radiation monitor.

Another object of the invention is to provide a micro-
wave radiation monitor including components which
are physically designed and coordmated to maximize
monttoring effectiveness. -

Another object of the invention is to provide a micro-
wave radiation monitor that will yield a substantially

linear response to the power density of the electrlc field
incident thereon.

Still another object of the invention is to provide a
portable radiation monitor which can be conveniently
tested to insure that it is in working order.

In accordance with one embodiment of the invention,
there is provided a microwave radiation monitor com-
prising an antenna formed in a dual Archimedean spiral
wherein the ellipse ratio of the spiral is minimized by
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electric field. The inner ends of the dual spiral are con-
nected by a Shotkey diode that in turn is connected to
a microammeter.

In accordance with another embodiment of the in-
vention, there is provided a microwave radiation moni-
tor comprising an antenna formed in a dual Archime-
dean spiral and wherein the detecting diode is charac-
terized by a capacitance that decreases with increases in
reverse voltage across the diode. Inductive reactance
means couple the diode to the inner ends of the antenna
spiral and exhibit a reactance to resonate with the diode
capacitance when the incident field is of substantially
the frequency being monitored.

A more thorough understanding of the invention,
along with a better appreciation of the objects and
novel features thereof, will be available from the fol-

lowing description which is made in conjunction with
the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1illustrates an instrument embodying the inven-
tion, in proximity to a typical source of potentially haz-
ardous microwave radiation; |

FIG. 2 is an enlarged layout of an antenna structure
for embodying the features of the invention, showing
orientation of its individual parts, the connectmg termi-
nals, and the location of resistive means for minimizing
the ellipse ratio; |

FIG. 3 is a circuit schematic of components used in
one embodiment of the invention for interconnecting
the antenna terminals to an appropriate metering instru-
ment; and |

FIG. 4 is an illustration of a resistive lead suitable for
use in connecting the metering instrument to the detect-

Ing components used in various embodiments of the
invention.

DESCRIPTION OF THE PREFERRED
" EMBODIMENT

As seen in FIG. 1, a portable instrument 10, embody-
ing the features of this invention, is shown in relation to

- the schematic of a microwave oven 20. Typically, the

45

50

53

60

selective positioning of resistive means in proximity to a 65

predetermined region of the spiral, wherein adjacent
turns have currents of opposite phase when the antenna
is oriented in a direction for maximum sensitivity to an

electric field leakage from such a source is either verti-
cally or horizontally oriented, as illustrated by vectors
E. To monitor the power density of suspected leakage,
instrument 10 is brought into close proximity with the
areas of potential radiation.

The instrument 10 comprises a meter 11 intercon-
nected with high resistance leads via a wand 12 to an
antenna 13. The antenna is mounted upon the rear pla-
nar surface of a spacer element 14 that is composed of
polyvinyl chloride or other material having substan-
tially free space characteristics. The antenna is formed
within a plane, in a dual Archimedean spiral. Resistive
means 15 are positioned selectively over a portion of the
spiral, as explained hereinafter, in order to minimize its
ellipse ratio.

Meter 11 is mounted upon a handle 16 that is rigidly
connected to the wand 12. In order to orient the an-
tenna spirals properly for desired sensitivity to an
emerging electric field, the major axis of the handle is
positioned relative to the location of the resistive means
15 (in this case, approximately at 45°) to effect a sensi-
tivity between the minimum and maximum levels.

The enlarged layout of FIG. 2 represents a seven-
turn, two-inch diameter dual spiral forming an antenna
that is suitable for measurement of microwave radiation



4,424,483

3
at a frequency of 2, 450 MHz. Those skilled in the art are
familiar with selection of optimum materials and config-
urations for various frequencies. o
The spiral 1s an Archimedean spiral defined by

r=ab
In this equation, r is the radius from the center to a pomt

on the curve of the spiral; a is a constant; and 0 is the

angle of rotation in radians. This spiral has a large el-
lipse ratio due to its small diameter, relative to the wave
length being monitored. As an antenna, the spiral’s
maximum sensitivity to an electric field occurs when an
imaginery line connecting the ends of the spiral i1s

the diode must be operated in its linear reglen If the

~ diode alone is used, and the unit is calibrated in a contin-

10

aligned with the electric field vector. It has minimum

sensitivity when the spiral i1s rotated 90 degrees from
this orientation. When in the maximum sensitivity orien-

tation, the current in the outer turn of the spiral, and in

the adjacent turn, i1s at a maximum at the point on the
radius where the electric field vector is tangential to the
spiral. Evaluation of the currents in such a spiral reveal
that the currents in the outer adjacent turns are in phase.
Out-of-phase currents in adjacent turns of the spiral

occur where the radius is approximately one-half of the

wave length being measured. The segments of the spi-
rals with out-of-phase currents in adjacent turns are

essentially fixed in spatial relation to the electric vector
of the field being monitored and this pattern remains
essentially fixed as the spirals are rotated relatlve to the
electric field vector. |

In FIG. 2 the pair of spirals 22,23 terminate in termi-
nals 24,25, respectively. To eliminate or minimize the
ellipse effect, a small piece of resistive means 15, which
in one embodiment was a carbon-loaded Teflon film, 1s
positioned over the area of high current when the an-
tenna is oriented for maximum sensitivity. This resistive
film is insulated from the antenna spiral with a suitable
thin intervening dielectric. The width of the resistive
material determines the angle over which the reduction
in sensitivity is accomplished. The radial length of the
resistive material from the periphery toward the center,
determines the amount of sensitivity reduction. It i1s
recognized that the width of the material also has some
effect on the magnitude of sensitivity reduction.

In a basic instrument, a diode terminates the inner
ends of the spirals 22,23. A single Shotkey diode may be
used, such that the dc current developed by the diode
responstve to an incident field, is carried back by resis-
tive leads to a microampere meter.

FIG. 3 shows a circuit schematic of a further embodi-
ment wherein the antenna terminals 24,25 are connected
by an inductance, represented by a short section of

parallel wire transmission line 31,32, to a Shotkey diode |

33. The terminals of the Shotkey diode are in turn con-
nected by resistive leads 36,37 to a suitable meter 40.
The diode 1s depicted schematically as comprising its
equivalent component parts, a variable capacitor 34
which decreases with increase in reverse voltage across
the diode, and a diode component 35. It i1s recognized
that such diodes have a square law characteristic, and it
1s desired to monitor the power density of incident
microwaves, as opposed to simply field strength. Since
the present instrument does not utilize amplifiers, it does
not have available the compensatory effects that may be
devel()ped with amplification.

To minimize field perturbation, the high resistive
leads 36,37 connect the metering instrument 11 to the

diode detector; but, this high resistance necessitates a-

high detected diode voltage with the resultant linear
mode operation. To achieve sufficient output to drive
the meter from diode 33, without the use of amplifiers,

15

uous wave field and then used to monitor a modulated
field, an error in the measurement of power density will
result. This occurs because the meter current will be
proportional to the field strength in volts/meter,
whereas it should be proportional to the square of the
field strength in volts squared/meter squared, or to the
power density whlch iS the desired calibration of the

The error can be reduced substantlally by connecting

~diode 33 to the antenna through an inductive reactance,

such as a short section of parallel wire transmission line
31,32. As noted, the capacitance 34 of the diode 33
decreases with the appllcatlon of 1 1ncreasmg reversed
voltage. This variation in eapac:tance 1s used to tune the
resonant circuit comprising the inductance 31,32 and

- capacitance 34 as the voltage increases, thereby enhanc-
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ing the increase of voltage across the diode 33. For a

particular configuration and frequency of 2,450 MHz,

the short section of transmission line was found opti-
mally to be one centimeter long between the diode 33
and antenna terminals 24,25. This provided the neces-
sary inductance to resonate with capacitance 34.

A resistive lead 36 is illustrated in FIG. 4. Appropri-
ate leads may be fabricated from monolithic films of
carbon-loaded Teflon. The lead may be tapered along
the major portion of its axis 39 and may have a constant-
width end 38. The extent of taper 1s not critical. In one
preferred embodiment, the taper extended from a maxi-
mum of 0.25 inches to a minimum of 0.025 inches along
a length of six inches. The minimum width was then
maintained for a length of one inch. The resistive mate-
rial in this embodiment was 0.002 inches thick and ex-
hibited an impedance of 375 ohms per square. The nar-
row end of the lead was connected to the transmission
line section 31,32 and thence to the antenna terminals
24,25. -

Several additional features useful in optimizing the
performance of embodiments of this invention, are also
worthy of note. Inasmuch as the orientation of the spi-
rals for minimum and maximum sensitivity, is relevant
to proper use of this instrument, and these areas of senst-
tivity differ in orientation by 90 degrees, it has been
found desirable to orient the longitudinal axis of the
meter generally so that it i1s 45 degrees with respect to
an imaginary line connecting the ends of the spiral. This
will tend to make an operator position the instrument
for most effective reading. In this position, the meter
will provide the average of the min-max sensitivity for
either vertical or horizontal polarizations of the incident
electric field, and there will be no difference in calibra-
tion for either vertically or horizontally polarized fields.

Embodiments -of this invention also include a simple,
inexpensive, and convenient technique to insure that the
meter 1s in proper working order. Test terminals 17 are
provided in the handle 16. These terminals are config-
ured to accept the polarized terminals of a conventional
9-volt transistor radio battery. Within the handle the
terminals are connected along one of the resistive leads
36,37, e.g. to conductive strips 41,42 on lead 36, inter-
connecting the diode 33 with meter 40. Proper polarity
is assured by the conventionally polarized large and
small terminals. When the battery is inserted in these
terminals, current flows through the resistive leads and
diode 33, to effect a predetermined test reading on
meter 40. If any of the components are broken or oper-
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ating improperly, the reading will not be normal and it
will be clear that the instrument would also functlon
improperly if subjected to a microwave field.

Particular embodiments of the invention have been
shown and described. It will be obvious to those skilled
in the art that modifications may be made in order to
reflect particular conditions and to effect particular
measurements. All such modifications as come within
the teachings of this disclosure and the scope of the
appended claims, are intended to be covered hereby.

What is claimed is:

1. A microwave radiation monitor comprising: a dual
Archimedean spiral antenna defined by r=a#0, wherein
r is the radius from the center to a point on the curve of
the spiral, a is a constant, and @ is the angle of rotation
in radians; means for orienting said antenna with and
responsive to an electric field to generate currents
therein, the currents in adjacent turns being in-phase

6

tive material separated from sald coupled adjacent turns

- by insulation means.

10

15

and out-of-phase at predetermined radial positions of r -

and 0; resistive means proximate to at least one pair of

20

said adjacent turns and coupled thereto in a region

where the currents in the adjacent turns are out-of-
phase; and detecting means coupled to the inner ends of
said spiral antenna operative to measure the signal
therebetween.

2. A microwave radiation monitor as defined in claim
1, wherein said resistive means is positioned where r 1s
substantially equal to one-half of the wavelength of a
predetermined frequency to be momtored.

3. A microwave radiation monitor as defined 1n claim
1, wherein said resistive means comprises a film of resis-
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4. A microwave radiation monitor as defined in claim
3, wherein said resistive means is proxlmate to a plural-
ity of ad_]acent turns. -

5. A microwave radiation monitor as defined in claim
1, wherein said detecting means comprises a diode con-
nected across said inner ends of the spiral antenna and a
meter connected to measure the current through said
diode.

6. A microwave radiation monitor as defined 1n claim
5, wherein said meter is connected to said diode by high
resistance leads.

7. A microwave radiation monitor as defined in claim
6, wherein said high resistance leads are tapered with
the narrow end connected to said diode.

8. A microwave radiation monitor as defined in claim
5, wherein said diode is characterized by a capacitance
that decreases as the reverse voltage across said diode
increases, and comprising inductance means connecting
said diode across said inner ends of the spiral antenna,
the reactance of said inductance being selected to reso-
nate with said capacitance when a predetermined fre-
quency is monitored.

9. A microwave radiation monitor as defined in claim
6, including spaced contacts along one of said high
resistance leads, and means to connect a properly polar-
ized d-c voltage between said contacts, whereby said
meter indicates at least a predetermined current tlow

when the components are in working order.
¥ % %X ¥ %k
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